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part |: introducing the 


Intelligent Sensor/Actuator Controller 


Design by Prof. Dr. B. vom Berg, P. Groppe and M. Miller-Aulmann 


MicroConverters are 8-bit microcontrollers specially designed for sen- 
sor/actuator applications. These new components from Analog Devices 
combine a powerful 805 I -family microcontroller core, including flash pro- 
gram and data memory, with a multi-channel | 2-bit analogue interface 


which includes an A/D as well as a D/A converter. 


In this first article in the ISAC series we 
describe in detail the main component, the 
ADuC812 MicroConverter, along with its on- 
chip peripherals. In the second part we will 
develop a small experimental circuit which 
will let us take the first easy steps — and the 
later, more complicated steps — in the world 
of the MicroConverter. 

Analog Devices produces, free of charge, a 
complete integrated development environ- 
ment (IDE) for the device, which allows easy 
programming in Assembler or in C. We will 
look at this in the third instalment. 

This series is self-contained: it includes 
several applications, such as push-button 
connection, a radio time-code receiver, and an 
opto-electronic shaft encoder interface. Later, 
in separate articles, we plan to describe fur- 
ther interesting projects, such as an LCD 
interface and driver and a CAN-bus connec- 
tion, so that we can keep you up-to-date with 
details of newly-developed members of the 
MicroConverter family. 

The name ISAC hints at microcontroller- 
operated sensor/actuator applications, and 
indeed the MicroConverter is ideally suited 
for control projects. 

With the concept of the MicroConverter, 
Analog Devices has fulfilled the requirement 
of today’s development and application engi- 
neers for the so-called ‘system on a chip’ 
(SoC). The well-known analogue IC technol- 
ogy of this manufacturer, in particular with 
regard to high-end A/D and D/A converters, 
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has been combined with mature 
CMOS flash memory technology and 
a microcontroller core accepted as 
the industry standard. The features 
of the new MicroConverter family are 
listed in Table 1. 

As well as fulfilling this require- 
ment for SoCs, the MicroConverters, 
in combination with one or more 
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sensor/actuator systems, allow so- 
called ‘intelligent sensor/actuators’ 
to be constructed. 

The first member of the MicroCon- 
verter family, the ADuC812, appeared 
in mid-1999. Table 2 shows the tech- 
nical characteristics of this device, 
and of the subsequently-developed 
members of the family. 
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Figure |. Block diagram of the ADuC8 | 2. 


The ADuC812 


We begin with the first member of 
the family, which is shown in the 
photograph at the start of this arti- 
cle. The innards can be seen in the 


Table | 


MicroConverter features 


— Industry standard microcontroller core: 
- 8 bit: 8051 core 
— Precision analogue I/O interface: 
- A/D converter: 





block diagram (Figure 1). Let us now 
take a look at the individual func- 
tional units: 

The microcontroller core is a 
standard 8051 core, which in the 
ADuC812 has all the well-known and 


- 12 bit or higher resolution 


- 5/8 channels 


- D/A converter: 


- 12 bit resolution 


- 1/2 channels 


- 2.5 V on-chip reference voltage 
ence source easily connected 
— Flash EEPROM memory: 
- Program memory: 8/64 Kbytes 
- Data memory: 640 byte / 4 


source, optional external voltage refer- 


Kbytes 


- On-chip programming voltage supply 


- Serial program downloader 


— Interesting extra on-chip circuits (in addition to microcontroller peripherals): 


- Temperature sensor 
- Watchdog timer 
- Supply voltage monitoring 
- SPI/I2C bus interface 
- CAN bus interface 
and many others 
— Summary: 


First complete precision data acquisition system on one chip 
Drastically reduced circuit board area and lower power consumption 
than previously-available multiple chip solutions 
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well-loved features as well as a few extras, 
as shown in Table 3. Thanks to this core, all 
the programming languages and program- 
ming tools from the 8051 world can be used 
with the MicroConverter. The chief program- 
ming languages available are Assembler51 
(ASM51), Basic52, Pascalb1 and C51. One 
example of an easy-to-use integrated devel- 
opment environment is [/Vision from Keil. A 
complete collection of tools, the ‘QuickStart 
Development Tools’, is available from Analog 
Devices: these will be described in the third 
article in this series. Extensive information 
about programming 8051s in the Pascal5b1 
programming language can for example be 
found in [1]. 

A special feature not found in the 8051 is 
the on-chip 8 kBytes of flash EEPROM pro- 
gram memory. This can be programmed 
quickly and easily from the development PC 
via the on-chip UART with a user program. 
The required ‘Serial Downloader’ and the 
high-voltage supply needed for programming 
the flash memory is already built into the 
MicroConverter chip, so no further external 
components are required for downloading. 

On the PC side an easy-to-use Windows 
program allows trouble-free transfer of Intel 
hex object files to the MicroConverter: this 
will be described in the next article in this 
series. A detailed map of the program mem- 
ory of the ADuC812 is shown in Figure 2. 

Because the ADuC812 already has 
8 kBytes of flash EEPROM program memory 
integrated onto the chip, in many applica- 
tions no external program memory (EPROM, 
for example) is required. For larger-scale 
applications the program memory is expand- 
able up to a total of 64 kBytes: the ADuC812 
automatically switches between the internal 
and external program memory areas. 

Soon, another milestone in 8-bit microcon- 
troller technology will appear on your work- 
bench: the ADuC812/824B2 (see Table 2) is 
the first 8051-series microconverter in the 
world to offer the full 64 kBytes of program 
memory in the form of a directly user-pro- 
grammable flash EEPROM integrated onto 
the chip. External program memory expan- 
sion is then not required, unless memory- 
mapping is required using banks. 

The final key question which remains is: 
what about the (still) external data memory 
area of the 8051 (Figure 3)? 

It is notable that the ADuC812 does not 
have an on-chip RAM area that can be used 
as an external data memory. The user is 
forced, as with the 8051, to use the 256 byte 
internal RAM for storage and processing of 
data. If more data memory is required, exter- 
nal expansion is possible up to 16 Mbytes(!) 
(a ‘normal’ 8051 can only access 64 kbytes 
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directly). The ADuC812/824B2 derivative pro- 
vides 4 kbytes of on-chip RAM which can be 
used for external data storage. 

A further special feature of the ADuC812 
is an extra 640 bytes of on-chip flash EEP- 
ROM area, which the user can employ for any 
purpose, such as non-volatile storage of con- 
version values or identification codes. Access 
to this memory is via a special register (the 
Special Function Register, or SFR), and so this 
flash memory area lies outside the normal 
ADuC812 address space. 

Table 4 gives an overview of the periph- 
eral functional blocks integrated onto the 
chip. The particularly outstanding features of 
the MicroConverter are the highly accurate 
interfaces to the analogue world, the A/D and 
D/A converters. At present, the D/A convert- 
ers offer a resolution of 12 bits, while the A/D 
converters offer 12-, 16- or 24-bit resolution, 
depending on the ADuC device in question. 


The A/D converter 


On the ADuC812 the A/D converter has a res- 
olution of 12 bits and has eight input chan- 
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Figure 2. Program memory map. 


nels. Its most important characteris- 
tics are listed in Table 5. As well as 
the high resolution (for a microcon- 
troller on-chip converter) of 12 bits, 
the short conversion time of 5 us is 
particularly noteworthy. If the con- 
verter is driven continuously at this 





BaKbytes 
total 
addressable 


high speed, however, the microcon- 
troller will have difficulty in storing 
the raw data which are arriving 
every 5 us. The traditional method of 
operating the converter requires the 
following steps, as illustrated in Fig- 


ure 4: 




































































Table 2 
Technical details of the MicroConverter series (ADuC812xx = Analog Devices MicroConverter, 8 bit data bus, 
12 bit A/D converter resolution, xx indicating derivative components) 
AduC812 AduC812B2 AduC812S AduC816 AduC824 AduC824B2 
, , , i 2 channels, 2 channels, 
ADC 12 bit, 8 channels | 12 bit, 8 channels | 12 bit, 6 channels | 16 bit, 2 channels 16 bit and 24 bit 16 bit and 24 bit 
DAC 12 bit, 2 channels | 12 bit, 2 channels | 12 bit, 2 channels 12 bit, | channel 12 bit, | channel 12 bit, | channel 
Core 8052 compatible | 8052 compatible | 8052 compatible | 8052 compatible | 8052 compatible | 8052 compatible 
Internal RAM 
memory 256 bytes 256 bytes 256 bytes 256 bytes 256 bytes 256 bytes 
Internal FLASH 8 kbytes 64 kbytes 8 kbytes 8 kbytes 8 kbytes 64 kbytes 
memory program, program, program, program, program, program, 
640 bytes data 4 kbytes data 640 bytes data 640 bytes data 640 bytes data 4 kbytes data 
External on-chip 
RAM memory —. 2 kbytes — —. — 4 kbytes 
64 kbytes 64 kbytes 64 kbytes 64 kbytes 64 kbytes 
External memory program, program, 16 Mbytes data program, program, program, 
16 Mbytes data 16 Mbytes data 16 Mbytes data 16 Mbytes data 16 Mbytes data 
PIO 32 32 16 26 26 26 
Serial UART, 12C, SPI UART, 12C, SPI UART, 12C, SPI UART, 12C, SPI UART, 12C, SPI UART, 12C, SPI 
32.768 kHz, 32.768 kHz, 
External 400 kHz - 16 MHz on-chip-PLL. on-chip-PLL 32.768 kHz, 32.768 kHz, 32.768 kHz, 
crystal frequency 0.131 - 16.77 MHz 0.131 - 16.77 MHz on-chip-PLL on-chip-PLL on-chip-PLL 
Package 52 MQFP 52 MQFP 28 TSSOP 52 MQFP 52 MQFP 52 MQFP 
Availability 1998 / 1999 End 2001 End 2001 December 2000 October 2000 End 2001 
Notes 
In versions which use a 32.768 kHz quartz crystal and on-chip PLL, a real-time clock (RTC) can be implemented in software by using an additional TIC. 
In versions with on-chip PLL the CPU operating frequency can be set to one of eight different values. This makes it possible to reduce current consumption dynamically. 
Versions with on-chip CAN controller are planned. 
Versions in smaller packages are also planned (Chip-Size Package = CSP). 
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Table 3 


Basic 8051 functionality, with extensions: 


— 8 bit microcontroller core with 128 bytes of user RAM (256 bytes on 


ADuC8| 2) 


— 4 kBytes of on-chip ROM (8 kBytes of flash EEPROM program memory on 


ADuC8| 2) 


— up to 64 kBytes of external program memory can be connected 
— up to 64 kBytes of external data memory can be connected (up to 16 Mbytes 


on ADuC8 12) 


— 32 digital I/O port pins (four eight-bit-wide ports PO-P3) 
— two 16-bit timer/counters (three | 6-bit timer/counters on ADuC8 12) 
— 5 interrupt sources assignable to two interrupt priority levels (9 sources and 


two levels on ADuC8 12) 
— full-duplex serial interface (UART) 
— on-chip oscillator 


— clock frequency 400 kHz to 16 MHz (12 MHz nominal) 
— two power-save modes: idle and power-down 


Futher special features of ADuC81 2: 


— 640 bytes of on-chip user flash EEPROM, usable as data memory 
— PI port pins can be used only as digital inputs or as inputs for the on-chip A/D 


converter 


— P3 port pins have high current capability, sinking up to 8 mA (1.6 mA on stan- 


dard 8051) 
— operating voltage: 3 V or 5 V 


— current consumption (at 12 MHz clock): 
Normal 


Idle 


Power down 


1. Start the A/D converter. 

2. Wait for the converter’s ready sig- 
nal (by polling or by interrupt). 

. Read data. 

. Address external data memory. 

5. Write data into external memory. 


A W 


It is worth noting that steps 3 and 
5 each require two access cycles, 
since the 8051 is an 8-bit machine 
and the converter result is 12 bits 
wide. This is rather too much for 
the 8051 core, which, at the maxi- 
mum speed of the A/D converter, is 
faced with a new conversion result 
every 5 us. The bottleneck is the 
necessity to transfer the A/D con- 
verter data via the interal accumu- 
lator of the 8051. In order to solve 
this problem, Analog Devices have 
equipped the A/D converter with a 
DMA (Direct Memory Access) con- 
troller (Figure 5). 

With the aid of the DMA con- 
troller the A/D converter is now 
able to bypass the 8051 microcon- 
verter core and store its data 
directly in the external data mem- 
ory. In this way the maximum con- 
tinuous speed of 200 Ksps (200,000 
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5V 3V 
26 mA 12 mA 
15 mA 6mA 
50 uA 50 uA 


samples/s) can be achieved. 

While DMA is going on, the 8051 
core can get on with other opera- 
tions as long as it does not need to 
access the external memory. If it 
attempts such an access, the 8051 
will simply be held off by the DMA 
controller for the duration of the 
DMA transfer so that no contention 
arises. 


The DMA transfer completes 
when the A/D converter has carried 
out the specified number of mea- 
surements and written the results 
into the external memory. The DMA 
controller then terminates its activ- 
ity and informs the 8051 core, by 
means of an interrupt, that the 
desired values are available in the 
external memory. The 8051 core 
now has full control once more over 
the external memory, and so can 
read out the stored values and 
process them. 

At lower sample rates, for exam- 
ple one value every 10 ms (100 sam- 
ples/s), the DMA controller need not 
be used, and the 8051 can cope with 
the job on its own. 


The digital 
temperature sensor 


In addition to its eight externally visible input 
channels, the A/D converter has a ‘hidden’ 
ninth channel, which is connected to an ana- 
logue on-chip temperature sensor. This deliv- 
ers a highly linear voltage signal proportional 
to the instantaneous chip temperature (!), 
which can be converted by the A/D converter 
and hence provide the user with information 
as to the chip temperature, and, with suitable 
processing, the ambient temperature. There 
will be more details on these applications in 
the next instalment. 


The voltage reference 


The ADuC812 includes an internal band-gap 
voltage source (+2.5 V), which can be used 
as a reference voltage for the A/D and D/A 
converters. An external reference voltage 
source in the range +2.3 V to +5.0 V can also 
be connected, the internal reference voltage 
source then being automatically shut down. 


The D/A converter 


The two D/A converter channels of the 
ADuC812 have the following characteristics: 


— 2 separate D/A channels, guaranteed 
monotonic 
— 8-bit or 12-bit resolution selectable 
— 8 us settling time 
— buffered output voltage (output load = 
10 kQ) 
— output voltage range: 
0 to internal VREF (+2.5 V), or 
0 to AVpp (+5 V) 
— rail-to-rail operation (AU < 100 mV) 
— DNL: + % LSB 
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Figure 3. Data memory map. 
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Table 4 


Extra on-chip functional units 
integrated onto ADuC8 12: 


— 8-channel A/D converter with |2 bit reso- 
lution 

— digital temperature sensor 

— 2-channel D/A converter with |2 bit reso- 
lution 

— 2.5 V voltage reference source 

— SPI/I2C bus synchronous serial communi- 
cations interface 

— watchdog timer 

— power supply monitor 


Table 5 


The ADuC812 A/D converter: 


— 8-channel, self-calibrating A/D converter 
with |2 bit resolution 

— successive approximation conversion 

— conversion time: 5 Us => sample rate of 
200 Ksps (200,000 samples per second) 

— reference voltage Veer: internal +2.5 V 
source or external source +2.3 to +5.0 V. 

— input voltage range: 0 V to VREF 

— integrated sample-and-hold unit 

— integrated DMA controller enabling trans- 
fer of data to memory at maximum sample 
rate 

—INL: + 4 LSB 

— SNR: 70 dB 


The D/A converter will also be dealt with in 
more detail when we look at its applications. 


The synchronous serial interface 


The synchronous serial communications 
interface can be configured as follows: 

1. SPI (Serial Peripheral Interface): 

Standard 3-wire serial communications inter- 
face, full-duplex, master/slave operation, four 
selectable data transfer rates. 

2. I2C bus (inter-IC bus interface): 

Standard 2-wire data communications inter- 
face, master/slave mode, 7-bit addressing 
mode. 


The watchdog timer 


This on-chip peripheral monitors the running 
of the MicroConverter’s program. In the case 
of an error, a reset is forced, so that the 
ADuC812's program can at least start afresh 
from a known initialised state. The monitor- 
ing period is selectable in eight steps in the 
range 16 to 2048 ms. 
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Figure 4. Driving an A/D converter using the ‘traditional’ method. 
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Figure 5. Driving an A/D converter using DMA. 


The power supply 
monitor 


The two supply voltages AVpp and 
DVpp are monitored by this func- 
tional unit. If the voltages fall below 
one of five selectable monitor thresh- 
olds (for example total power loss or 
a brown-out) then this monitoring 
unit immediately provides an inter- 
rupt to the microcontroller core 
before the voltage drops below a 
critical lower threshold. Thus the 
program could enter an interrupt ser- 
vice routine to store important data 
in a non-volatile storage area such as 
EEPROM or battery-backed RAM 
before the system fails completely. 

It is then possible, when the sup- 
ply returns, to analyse these data 
and thereby restore the system to its 
previous state or determine the 
causes of the supply loss or brown- 
out. 


The next step 


After this overview of the hardware 
structure of the ADuC812, we will 
present in the next part of this series 
a complete experimental system 
with which you will be able to carry 
out your first experiments with the 
ADuC812. If you cannot wait until 


the next issue for more, there is 
plenty of information to be found on 
the Internet: Analog Devices have 
created a special website for Micro- 
Converters, where you can down- 
load data sheets, application notes, 
and (most importantly) the free 
development software package, 
including assembler and C compiler 
[2]. The site is worth a visit is any 
case, since there is much more detail 
on the ADuC812 in the datasheet, 
and the software will be used in the 
third part of this series. 
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